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(54) A media transport system 

(57) A media transport system (100) for transport- 
ing a media sheet (110) in a marking device includes an 
entrance drive assembly (104), an exit drive assembly 
(126) and a vacuum generator (1 14, 1 16, 118, 120) that 
applies a vacuum force to the media sheet (110) to form 
a wide, flat printing zone. The entrance drive assembly 
(104) receives and transports the media sheet (110) in 
a process direction by contacting top and bottom sur- 
faces of the media sheet thereby exerting an entrance 
drive force on the media sheet. The exit drive assembly 
(126) receives and transports the media sheet by con- 
tacting the top and bottom surfaces of the media sheet, 
thereby exerting an exit drive force on the media sheet. 
The vacuum force is applied to the media sheet in an 
area of the media sheet between the entrance drive 
assembly (104) and the exit drive assembly (126). The 
vacuum force on the media sheet (1 1 0) acts in a vac- 
uum force direction substantially normal to the process 
direction. The vacuum force is set such that the 
entrance drive force and the exit drive force in the proc- 
ess direction each exceed the vacuum force acting in 
the vacuum force direction. 
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Description 

[0001] This invention relates to marking devices 
and, in particular, to a media transport assembly and 
method in which a media sheet is pushed and/or pulled s 
by step advancing drive assemblies in a highly repeata- 
ble manner against the action of a vacuum force applied 
to hold the media sheet flat for accurate scanned mark- 
ing. 

[0002] Consumers continue to demand marking 10 
devices with increased capabilities. For example, con- 
sumers now desire a low cost alternative to conven- 
tional laser color printers. Marking devices using other 
technologies (e.g. ink jet printing) potentially provide 
such a low-cost alternative, but must be configured to 15 
operate at speeds comparable to the competing laser 
printers. 

[0003] In marking devices with one or more moving 
print elements that reciprocate across the width of a 
media sheet (i.e. from left to right or from right to left) in 20 
passes, the media sheet is marked in swaths equal to 
the length of the print element(s). The operating speed 
of such a marking device can be increased by increas- 
ing the size to the swath marked in each pass. With a 
larger swath size, fewer passes are required to mark 25 
each media sheet. 

[0004] As the print swath area increases, the area 
of the marking zone must be increased. The marking 
zone is defined as the area of the media sheet available 
for marking in the current swath. The marking zone 30 
extends between the entrance drive assembly immedi- 
ately upstream of the print element(s) to the exit drive 
assembly immediately downstream of the print ele- 
ments). With an increased marking zone area, main- 
taining the flatness of the media sheet and providing a 35 
highly accurate incremental media advance without 
increasing lead and/or trail edge borders to ensure 
accurate marking, becomes more difficult. Because the 
gap between the print element(s) and the media sheet 
is small (on the order of 1.1 mm), it is not possible to 40 
secure the media sheet from the reverse side. In typical 
marking devices with moving print elements, sufficient 
flatness and advance accuracy of the media sheet is a 
concern in loading edge or trailing edge marking situa- 
tions. 45 
[0005] In leading edge or trailing edge marking situ- 
ations, only one edge of the media sheet is secured and 
driven by the entrance drive assembly or the exit drive 
assembly. In contrast, when middle portions of the 
media sheet are being marked, the leading portion is so 
secured by the exit drive assembly and the trailing por- 
tion is secured by the entrance drive assembly. Thus, 
the flatness of the media sheet and the advance accu- 
racy must be ensured by appropriate tensioning 
between the entrance drive assembly and the exit drive 55 
assembly. 

[0006] It is an object of the present invention to pro- 
vide a media transport system capable of advancing at 
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a sufficient speed and accuracy, while ensuring that the 
media sheet is sufficiently flat. 

[0007] According to the invention, a media transport 
system and method are provided by which a media 
sheet is transported through the marking device by an 
entrance drive assembly and/or an exit drive assembly, 
and a portion of the media sheet between the entrance 
drive assembly and the exit drive assembly is subjected 
to a vacuum force. 

[0008] The media transport system includes an 
entrance drive assembly and an exit drive assembly. 
The entrance drive assembly receives and transports 
the media sheet in a process direction by contacting top 
and bottom surfaces of the media sheet. The entrance 
drive assembly exerts an entrance drive force on the 
media sheet. The exit drive assembly receives and 
transports the media sheet by contacting the top and 
bottom surfaces of the media sheet. The exit drive 
assembly is spaced from the entrance drive assembly 
and exerts an exit drive force on the media sheet. 
[0009] A vacuum generator applies a vacuum force 
to the media sheet in the area of the media sheet 
between the entrance drive assembly and the exit drive 
assembly. The vacuum force acts on the media sheet in 
a vacuum force direction substantially normal to the 
process direction. The vacuum force is set such that the 
entrance drive force and the exit drive force acting in the 
process direction are each greater than the vacuum 
force acting in the vacuum force direction. Preferably, 
the vacuum force is also set to maintain the media sheet 
within a desired flatness range. 

[0010] Preferably the entrance drive assembly and 
the exit drive assembly each include a pair of drive ele- 
ments that contact each other to form, respectively, an 
entrance nip and an exit nip. Preferably, each pair of 
drive elements includes a driven element and an idler 
element with sufficient pressure between them to pre- 
vent slip during the media advance. Preferably, each 
pair of drive elements includes a dual grit coated roll. 
Further, each pair of drive elements preferably includes 
an elastomer roll. 

[0011] The media transport system preferably 
includes a platen positioned in the area between the 
entrance drive assembly and the exit drive assembly. 
The platen has a media sheet side, a vacuum force side 
opposite the media sheet side and vacuum holes 
extending through the media sheet side to the vacuum 
force side. The vacuum force is generated on the vac- 
uum force side of the platen and applied to the media 
sheet through the vacuum holes to draw the media 
sheet against the media sheet side. 
[001 2] The media sheet side of the platen prefera- 
bly includes vacuum grooves that communicate with the 
vacuum holes. Preferably, the vacuum grooves extend 
in the process direction. Preferably, the vacuum force 
applied to the media sheet is substantially constant. 
Preferably, the length of the grooves is set to allow 
acquisition or release of the media in a controlled man- 
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ner to prevent a sudden retard action in the drive system 
that would cause image distortion. 

[0013] The vacuum grooves are preferably 
arranged in rows extending perpendicular to the proc- 
ess direction. The vacuum grooves within each row are s 
preferably spaced apart from each other, and the vac- 
uum grooves in a first row are staggered with respect to 
the vacuum grooves in a second row. 
[0014] Preferably, the vacuum generator includes 
an entrance fan having an entrance plenum positioned 
near a media sheet entrance area of the platen and an 
exit fan having an exit plenum positioned near a media 
sheet exit area of the platen. 

[0015] The media transport system preferably 
includes edge guides extending along the platen in the 
process direction. The edge guides receive, guide and 
hold the edges of the media sheet flat. 
[0016] The media transport system preferably 
includes a drive motor coupled to the entrance drive 
assembly and to the exit drive assembly by respective 
helical gears with associated anti-backlash springs. The 
media transport system preferably includes a spring 
plate positioned across the entrance area of the platen 
that guides the media sheet into contact with the vac- 
uum force. 

[0017] Embodiments of the present invention will 
now be described, by way of example, with reference to 
the accompanying drawings, in which: 

Fig. 1 is a plan view of a media transport assembly 
according to the invention; 

Fig. 2 is a side view of the media transport assem- 
bly shown in Fig. 1 ; and 

Fig. 3 is a perspective view of the media transport 
assembly of Figs. 1 and 2 with the surrounding car- 
riage, ink jet cartridge and support structure of an 
ink marking device. 

[0018] Throughout the drawings like reference 
numerals refer to like elements. 
[0019] Figs. 1 and 2 are plan and side views, 
respectively, of a preferred embodiment of the media 
transport assembly 100. According to the invention, the 
media transport assembly transports a media sheet 110 
(e.g. a sheet of paper or transparency material) (see 
Fig. 2) in a process direction A from a pair of entrance 
nips 104 across a platen 112 to and through a pair of 
exit nips 126. The pairs of entrance nips 104 and exit 
nips 126 are positioned at left and right sides of the 
media transport assembly 100. 
[0020] The media sheet 110 is transported by the 
action of an entrance drive roll 102 at each of the 
entrance nips 104 and an exit drive roll 124 at each of 
the exit nips 126 located on each of left and right bor- 
ders of the media sheet 110. The entrance nip 104 on 
each side is defined by a point of contact between the 
entrance drive roll 102 and an entrance idler roll 103. 
Similarly, the exit nip 126 on each side is defined by a 
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point of contact between the exit drive roll 124 and an 
exit idler roll 125. 

[0021 ] The entrance drive roll 1 02 and the exit drive 
roll 124 are driven by a known drive assembly, which is 
described below in connection with Fig. 3, to advance 
the media sheet 110 stepwise in the process direction 
A. Preferably, each entrance drive roll 102 and exit drive 
roll 124 are each dual grit coated, and each entrance 
idler roll 103 and exit idler roll 125 are made of an elas- 
tomer material. In a preferred embodiment, the diame- 
ter and runout tolerances for the entrance drive roll 102 
and the exit drive roll 124 are maintained within 0.0002 
in. The forces developed on the media sheet 1 10 in the 
entrance nip 104 and in the exit nip 126 are preferably 
at least 2.75 lb. In a preferred embodiment, each 
entrance drive roll 102 and its respective entrance idler 
roll 103 and each exit drive roll 124 and its respective 
exit idler roll 125 drive the media sheet without slippage. 
[0022] As the media sheet 110 is transported 
across the platen 112, desired areas of the media sheet 
110 are marked, e.g. by a conventional marking tech- 
nology, including ink jet printing, piezoelectric printing, 
etc.. In the case of ink jet printing and other similar 
marking technologies, the marked areas on the media 
sheet 110 may remain moist for a period after marking, 
depending upon the type of ink, density of marking and 
speed of the marking process. Therefore, each exit nip 
126 is positioned to receive a left or right edge (i.e. in a 
margin typically outside the marking area), respectively, 
of the marked media sheet 110 to minimize possible 
smearing of the marked areas and other detrimental 
effects. 

[0023] According to the present invention, the 
media sheet 110 is driven against a vacuum force V 
(see Fig. 2) applied in a direction normal to the media 
sheet 110. The vacuum force V acts to flatten the media 
sheet 110. In a preferred embodiment, the vacuum 
force V draws the media sheet against a platen 112, 
which is substantially flat, thus ensuring that a portion of 
the media sheet 1 1 0 to be marked is flat. 
[0024] The drive force generated at the entrance 
nips 104 and/or the exit nips 126 must be sufficiently 
great to operate without slip on the media, under all 
operating conditions, including the resistance to move- 
ment in the direction A resulting from the vacuum force 
V. These operating conditions for transport of the media 
sheet 110 include: (1) initial transport by the entrance 
nips 104 alone (i.e. the "leading edge situation" in which 
the exit nips 126 are not yet engaged with the media 
sheet 110, and the entrance nips 104 are "pushing the 
media sheet 110 forward against the vacuum force V); 
(2) intermediate transport in which the media sheet is 
engaged in the entrance nips 104 and the exit nips 126; 
and (3) final transport by the exit nips 126 alone (i.e. the 
"trailing edge situation" in which the entrance nips 104 
have released the trailing edge of the media sheet 110, 
and the exit nips 126 are "pulling" the media sheet 1 10 
forward against the vacuum force V)- 
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[0025] Although an entrance drive force generated 
by the entrance nips 104 and an exit drive force gener- 
ated by the exit nips 126 are substantially constant in 
one embodiment, the invention applies equally to situa- 
tions where one or more of the entrance drive force, the 
exit drive force and the vacuum force V are variable. 

[0026] The vacuum force V is applied to the media 
sheet 110 through the platen 112. Specifically, the 
platen 112 includes a predetermined pattern of vacuum 
holes 114 and vacuum grooves 116. Each of the vac- 
uum holes 1 1 4 extends from a top surface of one of the 
vacuum grooves 116 (i.e. from the "media sheet* 1 side of 
the platen 112) and through to a reverse side of the 
platen 112 (i.e. the Vacuum force" side). An entrance 
fan 122 and an exit fan 123 are respectively positioned 
over an entrance plenum 118 and an exit plenum 1 20. 
[0027] The entrance fan 122 is shown positioned 
over the right side of the platen 112, and the exit fan 1 23 
is shown positioned over the left side of the platen 112. 
As shown in Fig. 1, the entrance plenum 118 is gener- 
ally rectangular in shape and covers approximately half 
of the marking zone between the entrance nips 104 and 
a midline of the platen 112. Similarly, the exit plenum 
120 is also rectangular in shape and covers approxi- 
mately the other half of the marking zone from the mid- 
line of the platen 1 12 to the exit nips 126. The entrance 
plenum 118 and the exit plenum 120 are preferably 
formed of plastic. 

[0028] The entrance plenum 118 and exit plenum 
120 channel the vacuum force V generated by the 
entrance fan 122 and the exit fan 123, respectively, 
through the vacuum holes 114 and along the vacuum 
grooves 116 to the media sheet 110. The vacuum 
grooves 1 16 permit the vacuum force V applied through 
the vacuum holes 1 1 4 to be spread over a greater area. 
[0029] The vacuum grooves 116 in each of the 
entrance plenum 18 and exit plenum 120 areas are 
arranged in a spaced relationship in two rows (from left 
to right). The vacuum grooves 116 preferably extend 
parallel to the direction A. 

[0030] The configuration of the vacuum grooves 
1 1 6 is such that vacuum force is provided to the media 
sheet 110 along substantially the entire length of the 
marking zone. Also the configuration of the vacuum 
grooves provides for smooth transition from full vacuum 
force (i.e. when the grooves are entirely covered) to no 
vacuum force (i.e. when the trailing edge of the media 
sheet 1 1 0 passes the ends of the vacuum grooves 116). 
Although a series of vacuum holes could be used in 
place of the vacuum grooves 116, the vacuum grooves 
116 provide for more continuous changes in the vacuum 
force V. 

[0031] The vacuum grooves 1 16 in the second row 
preferably are staggered with respect to the vacuum 
grooves in the first row. Thus, for both the entrance ple- 
num 118 and exit plenum 120 areas, the vacuum 
grooves 116 in one row are opposite the spaces 
between the vacuum grooves 1 1 6 in the other row. The 
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vacuum grooves 1 16 in the second row of the entrance 
plenum area 118, however, are preferably positioned 
opposite the vacuum grooves 1 16 in the first row of the 
exit plenum area 120. 

5 [0032] Although a preferred configuration has been 
described, the number and location of the fans, the cor- 
responding number and size of the plenums, and the 
precise geometry and pattern of the vacuum grooves 
and vacuum holes can be modified to suit any particular 

10 application without departing from the invention. 

[0033] In a preferred embodiment, the entrance fan 
122 and the exit fan 123 are muffin fans. In the embodi- 
ment described above, each fan must generate a suc- 
tion force equivalent to a few millimeters of negative 

is water pressure. In one embodiment, ebm/Pabst DC 
Variofan Models 612GMI or 612GI are used. 
[0034] Edge guides 1 08 are attached to the left and 
right sides of the platen 112 to guide and ensure flat- 
ness of the left and right edges of the media sheet 1 10 

20 as it is transported. The edge guides 1 08 in a preferred 
embodiment overlap the edges of the media sheet 110 
by approximately 3 mm. A lightly loaded spring plate 
1 06 extending across an entrance side of the platen 112 
ensures that the media sheet 1 10 will be guided into the 

25 vacuum force existing in the entrance platen 118 area. 
A row of starwheels 128 aligned with each exit nip 126 
and spaced slightly above the level of the platen 112 
prevents image smearing as the media sheet 110 exits 
the platen 112. 

30 [0035] Fig. 3 shows the media transport assembly 
100 configured with a scanning carriage 302 for a par- 
tial width array printhead for a color ink marking device. 
The scanning carriage 302 reciprocates from left to right 
over the marking zone to allow desired portions of the 

35 media sheet 110 (not shown) to be marked by the black 
cartridge 304 and/or the color cartridge 306. The black 
cartridge 304 and the color cartridge 306 in the illus- 
trated embodiment each contain three printheads, each 
having a swath width of approximately 0.5 inches, in a 

40 staggered configuration (i.e. capable of marking a 1.5 
inch swath in each pass of the carriage). 
[0036] The marking zone in the illustrated embodi- 
ment is approximately 8V£ inches from the left side to 
the right side by 3 inches from an entrance side to an 

45 exit side of the platen 112. A3 inch marking zone is 
required because the black cartridge 304 and/or the 
color cartridge 306 mark the media sheet in each of two 
passes. A distance of approximately 4 inches separates 
the entrance nips 104 from the exit nips 126. The nomi- 

so nal printhead to media gap (not shown) is 1.1 mm. 
Experimentation has shown that a media flatness 
requirement of 0.3 mm ensures marking of sufficient 
quality. 

[0037] Each entrance drive roll 102 and each exit 
55 drive roll 1 24 are driven by respective helical drive gears 
312. The helical drive gears 312 are driven by a drive 
motor and a pinion 314. The helical drive gears 312 are 
spring loaded by anti-backlash springs 310 to prevent 
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any drive errors due to tooth separation. In preferred 
embodiments, a stepper motor or a DC servo motor is 
used as the drive motor. The ratios between the helical 
gears 312 and the drive motor and pinion 310 are pref- 
erably selected such that one revolution of the pinion 5 
advances the media sheet 110 forward by one-half a 
swath width (i.e. approximately 0.25 inch in the illus- 
trated embodiment). The advance increment may be 
varied depending on the type and quality of image to be 
printed, e.g. draft mode, text, graphics or photographs. 10 
The advance increment is set to equal one revolution of 
the pinion (i.e. the smallest advance of the media) in, 
e.g. a high quality photograph printing mode (which pro- 
duces the slowest output) or, in this device, one-half the 
print element width. Greater advance increments are 15 
then multiples of the single revolution increment up to 
six for maximum speed printing. 

[0038] Although this invention is described in con- 
junction with specific embodiments thereof, many alter- 
natives, modifications and variations will be apparent to 20 
those skilled in the art. Accordingly, the preferred 
embodiments of the invention as set forth above are 
intended to be illustrative, not limiting. Various changes 
to the invention may be made without departing from its 
true spirit and scope as defined herein. 25 

Claims 

1 . A media transport system (1 00) for transporting a 
media sheet (1 1 0) in a marking device, comprising: 30 



sheet (110) within a desired flatness range. 

3. The media transport system of claims 1 or 2, 
wherein the entrance drive assembly (104) and the 
exit drive assembly (126) each include a pair f 
non-slip drive elements (102, 103, 124, 125) that 
contact each other to form, respectively, an 
entrance nip and an exit nip. 

4. The media transport system of claim 3, wherein 
each pair of drive elements includes either (i) a 
driven element and an idler element, (ii) a dual grit 
coated roll, or (iii) an elastomer roll. 

5. The media transport system of claims 1 , 2, 3 or 4, 
further comprising a drive motor (310) coupled to 
the entrance drive assembly and to the exit drive 
assembly by respective helical gears (312) and 
anti-backlash springs (310). 

6. The media transport system of claims 1, 2, 3, 4 or 
5, further comprising a platen (112) positioned in 
the area between the entrance drive assembly 
(104) and the exit drive assembly (126), the platen 
(1 1 2) having a media sheet side, a vacuum force 
side opposite the media sheet side and vacuum 
holes (1 14) extending through media sheet side to 
the vacuum force side, wherein the vacuum gener- 
ator (122, 123) is positioned on the vacuum force 
side and the vacuum force is applied to the media 
sheet (1 10) through the vacuum holes (1 14) to urge 
the media sheet towards the media sheet side. 

7. The media transport system of claim 6, wherein the 
media sheet side of the platen includes vacuum 
grooves (116) that communicate with the vacuum 
holes (114). 

8. The media transport system of claim 7, wherein the 
vacuum grooves (1 16) extend in the process direc- 
tion, the vacuum grooves (116) are arranged in 
rows extending perpendicular to the process direc- 
tion, the vacuum grooves (116) within each of the 
rows being spaced apart from each other, and the 
vacuum grooves (1 16) in a first row are staggered 
with respect to the vacuum grooves (1 1 6) in a sec- 
ond row. 

9. The media transport system of any preceding 
claim, wherein the vacuum generator includes an 
entrance fan (122) having an entrance plenum posi- 
tioned near a media sheet entrance area of the 
platen and an exit fan (123) having an exit plenum 
positioned near a media sheet exit area of the 
platen. 



an entrance drive assembly (104) that receives 
and transports the media sheet (110) in a proc- 
ess direction by contacting top and bottom sur- 
faces of the media sheet the entrance drive 35 
assembly exerting an entrance drive force on 
the media sheet; 

an exit drive assembly (126) that receives and 
transports the media sheet (1 10) by contacting 
the top and bottom surfaces of the media 40 
sheet, the exit drive assembly being spaced 
from the entrance drive assembly and exerting 
an exit drive force on the media sheets; and 
a vacuum generator (114, 116, 118, 120) that 
applies a vacuum force to the media sheet as 
(1 1 0) in an area of the media sheet between 
the entrance drive assembly (104) and the exit 
drive assembly (126) the vacuum force acting 
on the media sheet in a vacuum force direction 
substantially normal to the process direction, so 
wherein the vacuum force is set such that the 
entrance drive force and the exit drive force act- 
ing in the process direction are each greater 
than the vacuum force acting in the vacuum 
force direction. ss 



2. The media transport system of claim 1 , wherein the 
vacuum force is also set to maintain the media 
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